This may strike you as a pretentious title, and so it is. It was chosen because it seemed to arouse the sort of reaction required to understand our present knowledge of the spine and our approach to clinical and technical research.
Our most recent Honorary Member, addressing this Section as President in 1953, spoke on many subjects, among them the disc. He said: 'Some surgeons have found in the intervertebral disc not a jelly-like nucleus pulposus but a glittering nugget of gold' (Burrows 1953) .
Last year our President, Mr St Clair Strange, addressed the Section on 'Debunking the Disc'.
In this Address I have chosen neither to gild it nor to debunk it but to ignore it; to let it rest in relation to the spine as the appendix to the abdomen or the internal cartilage to the knee, their characteristic trouble comparatively common, easy to diagnose and rewarding to treat. There are many other causes for trouble in the abdomen apart from the appendix and in the knee apart from a torn internal cartilage, as there are in the spine apart from a prolapsed intervertebral disc.
The surgery of the spine today compared to the abdomen is away back in the days of perityphlitis, a disease which became fashionable when Edward VII was relieved of his appendix and abdominal diagnosis became swamped with this malady. Similarly the spine during the last thirty years has been over-run by the disc-jockeys. Superficially, other troubles do not make an attractive subject: low back pain I find a headache, cervical spondylosis a pain in the neck and coccygodynia the end. The spine, however, makes a fascinating study and an absorbing field for thought. It presents a subject wide open for research of all kinds, it is in fact, compared to some of the beaten tracks, a thick jungle of virgin territory, its anatomy ignored and its mechanism less understood than that of many animals.
In deciding on this title I had no idea at the time of the original context of the wood and the trees. It originates from John Heywood in 1562. In a proverb he was expressing disrespect for wealth and ease. Aiming at the rich man he writes:
Ye may write to your friends that ye are in health; But all thing may be suffered saving wealth. An old said saw; itch and ease can no man please; Plenty is no dainty; ye see not your own ease. I see, ye can not see the wood for trees. Your lips hang in your light; but this poor man sees Both how blindly ye stand in your own light.
The title was more apt than I had thought and the former President was perhaps on the right path. Is it possible that this golden nugget has blinded us to the rest of the spine? At a rough estimate there have been over 3,000 articles on the intervertebral disc published since the war but only a few on the general biomechanics of the vertebral column as a whole.
Shifting to a visionary situation imagine yourself an ornithologist, leader of a group of keen people destined to make a comprehensive study of the bird life of a certain wood.
How would you set about it?
Talking to the local inhabitants you might meet a disinterested, unobservant woodman who would give you no help. You would seek out the gamekeeper who might be a fountain of knowledge or alternatively with thoughts only for pheasants' eggs, jays and weasels. Inevitably, sooner or later, in one of the villages you would run into this chap (Fig 1) , his adviee prodigious, his knowledge restricted, self-assured and unassailable and his lack of willingness to admit the possibility of any advance would drive your team straight into the centre of the wood, thirsting for knowledge. We meet this type in association with the spine. He professes to know the whole story, where a bone is out of place, the nature of an osteopathic lesion, the cause for pain and the certainty of cure by manipulation. Nevertheless he is skilled with his hands and frequently brings relief. It may be dissatisfaction with his jargon that is partly responsible for the many research workers who are now involved deep in the column determined to unravel its secrets.
To return to the ornithologist, here is his team in the wood (Fig 2) . The draughtsman has used to the full his artist's licence, but it is meant to be in no way derogatory to the noble art of finding out for oneself. The team is examining the droppings, the regurgitation and the insects, scrapings from the lichen, searching for nests and eggs and even tape-recording the various calls and alarms. From this team will emanate a flow of factual, detailed and valuable information which will eventually accumulate into a huge stockpile destined to become sterile unless sorted and marshalled into proper channels for assessment and survey.
Here on the hill, above the wood, seated quietly with his binoculars, is the experienced ornithologist ( Fig 3) . He has the privilege to enter the wood and look for himself but, as he sits here, recipient of the flow of information from his team, he is in an ideal position to see the situation as a whole, to observe the influencing factors from without and to make something valuable of the information which arrives in abundance.
The orthopxdic surgeon is in a similar position. He has ample opportunity to watch the spine, he has expert knowledge, available are the fruits of extensive research i--> and he has the unique privilege which he shares only with the neurosurgeon to enter and look for himself, in vivo. You will not be surprised that I have chosen this commanding position for this talk. Among the many mechanisms involved in the construction of the column, four of the most obvious will be ample for this discussion: the spine as a mast, as a strut, as a cantilever and as a segmented duct (Fig 4) .
As a Mast
The spine is set up from the pelvis and stayed on either side like the mast of a yacht.
A mast on land can be stabilized by sinking its lower end deep into the earth or by staying it from a wide base. Neither mechanism is possible either in the yacht or in the spine. The base, in each case, is severely restricted in diameter and is liable to move in any plane and the depth available for sinking the lower end is also restricted. The mast is stepped below deck to the keelson and the spine secured below the level of the iliac crests by many strong ligaments and the sacrum is gripped between the strongly bound iliac bones ( Fig 5) .
Compare the spine to the mast of the 'Amokura' a yacht designed by Uffa Fox. In Fig 6A the mast has been reduced proportionately to the height of the spine. The overall similarity is obvious. Note that the two pairs of cross trees are similarly placed to the shoulder girdle and the lower ribs, the shrouds to the lateral abdominal muscles and neck muscles and the subsidiary stays similar to the trapezius, psoas and other muscles. Both lower ends are fixed and the stem gripped higher up at the level of the deck or the iliac crests respectively. It is interesting to note that the ratio above and below deck or above and below the iliac crest and iliolumbar ligaments is approxiamtely 7:1 in each case.
It is also interesting that the architect for the Post Office Tower decided on a similar ratio.
The Post Office Tower extends only 22 feet below ground, where it is substantially fixed by a reinforced concrete platform and roots, but it is gripped 70 feet above ground by a huge collar, an extension of the top storey of the main building; the overall height is 619 feet above ground and 22 below, a total of 641 feet, giving a ratio of approximately 7:1. Fig 6B shows 
As a Strut
A strut is a projection to withstand a downward compression force (e.g. a tent pole). With its lower end fixed it is stabilized by the tension of its stays or, in the case of the spine, the muscles. The closer the origin of the stay or muscle to the base of the strut the greater the potential downward compression force. The intradiscal pressure of a resting spine has been measured as 100 kg/cm2 but leaning forward to pick up a small object it can rise to 250 kg/cm2. The downward compression force of the spine in action must be great. The psoas, the loin muscles, the abdominal muscles and the sacrospinalis especially, with its origin so close to the spine, all go into action simultaneously during strenuous exertion. The compressive force is taken by hoop tension in the annulus fibrosus of the discs, by the strong ligaments combining the two halves of the pelvis together to combat the thrust of the sacrum and so on through the heads of the femora to the legs.
There are obvious faults due to excessive compressioncrush fracture and prolapsed disc tissuebut there is one condition not so readily recognized, osteitis condensans ilii. Can this be due to disturbed seating of the sacrum associated with loosening of the ligaments during pregnancy or rarely for other reasons? The known facts of this condition could be explained readily by this hypothesis. Its occurrence is almost entirely limited to multipara but it is not unknown in nullipara or even in the male. The area of bone sclerosis is known to disappear with time.
As a Cantilever Much more significant, much more interesting and less understood, is the cantilevering mechanism which stabilizes the spine on the top of the sacrum under stress and at times at a precarious angle.
The human spine projects from the pelvis without any additional structural support. It is unsupported ventrally by water as is the seal or by mud as is the dinosaur. It has no forelegs like the quadruped nor long arms like the gorilla nor a tail to counterbalance it or to sit on as has the wallaby and it carries with it a considerable load unlike the ostrich. In the erect posture it stands up nearly straight, but never so straight as the spine of a penguin which projects upwards from a horizontal plane, the top of the sacrum. The spine of the penguin has a fibrous ankylosis up to the sixth thoracic level but above that has a very free range of movement. The human spine is capable of doing heavy work at a low angle as, for example, in the miner cutting coal in a low seam.
Let us examine the stresses at the base of a cantilever, particularly the site of maximum compression and tension. These are variously illustrated in Fig 7: A, a horizontal cantilever supported by a tension bar above and a compression bar beneath. B, the same beam with the lines of 'graphic statics' inserted to show the site of maximum tension above and maximum compression below. c, the same beam modified with two extensions and the insertion of a tension ligament above and a compression cushion below. D, the lumbosacral spine at a low angle, demonstrating the posterior soft tissues as the site of tension and the disc as the site of compression.
It needs little imagination to realize that the lumbosacral area is a site of great stress in man. Wolff's Law has been defined in a neat phrase: 'structure is adapted to function', but equally well expressed in military jargon:
The soles of our boots wear thin, The soles of our feet grow thick.
Calculating the resistance to the bending moment by the measurement of bh2 (breadth x the square of the height) Slijper (1946) has plotted the value for the individual vertebra (Fig 8) .
The porpoise (A) -strongest in the middle and trailing cephalad and caudad, the rhino, the COW (B) and the mountain goat (c) strongest in In man (D) and orang-utan (E) strongest at lumbar 4 and slightly less at lumbar 5 but trailing gradually cephalad.
The calculation which is of greatest significance is that of the spine of a mountain goat with congenital absence of the forelegs (F). Compared to its normal brother (c) the greatest area of stress has shifted caudad; in addition to the lower cervical spine it appears to a greater degree at the lower lumbar area as in man. This measurement demonstrates clearly the adaptation to abnormal stress imposed by a gross physical abnormality necessitating the control of the whole spine from the lumbosacral area.
Regarding the human spine as a long lever pivoting from the top of the sacrum one cannot help but marvel at the mechanism for raising it into extension. Unlike the yacht seen longitudinally which now has a wide base (Fig 9A) , the spine has very little basal extension posteriorly. The two massive tubes of strong lumbar fascia and the contained sacrospinalis muscles arise from the sacrum and the posterior part of the iliac crest, in particular the enlarged posterior end ( Fig 9B) . The mechanical disadvantage, seen superficially, is striking. Flexion is more easily achieved by the strong abdominal muscles pulling with the levering advantage of the diameter of the lower thoracic cage. In other areas of great stress, for instance the upper thoracic spine of the horse, there are long spinous processes (the withers) to which are inserted the strong fibres of the ligamentum nuchae. It is surprising that in man no such mechanism exists in the crucial lumbosacral area; there is in fact a tendency to diminutive spinous processes or even spina bifida. This indicates how essential are the posterior sections of the iliac crests to the mechanism of cantilever control.
As a Segmented Duct But the spine is not a solid rod, it is segmented; it needs little imagination to realize the intricate control necessary to stabilize the individual segments and to prevent abnormal intersegmental movement when the spine is being used as a long lever under stress. In this superficial survey there is no place to discuss the detailed mechanism of intersegmental control. There are three elements worth mentioning.
The spinous process as a lever: Each vertebra rocks on the nucleus pulposus and in the lumbar spine the mechanical advantage of a force applied to the end of the spinous process is 3 25 :1 (Fig 10) . There are two muscles on each side attached to the tip of the process, the multifidus and the interspinales. The multifidus pulls each Fig 10 The spinous process as a lever with a mechanical advantage of3 25:1 vertebra into extension and the interspinales close the gap between the processes. In addition there are many other soft tissue structures which assist in intersegmental stabilization.
Combined mechanism of extension: The mechanism of extending the spine from a fully flexed position when standing is essentially divided into two. From the fully flexed position, which includes flexion of the spine and of the hips, to a position of half recovery, the lumbar spine is compressed down on to the sacrum by a mass action of the abdominal, loin and back muscles while the pelvis is rotated backwards on the heads of the femora. Half way up the lumbar spine is released from compression and is raised to the erect position by extension of the spine as a whole and by individual extension of each lumbar segment (Fig 11) . A fault in this mechanism is often unmasked clinically by a wriggle, a hesitation at the half-way point. In severe cases there is frank difficulty in passing this point and the hands may be used to 'climb up' the thighs.
The lordotic curve: At the half-way point of recovery the lumbar spine is still flattened. It is in this position that maximal power is needed for extension. Once the lordotic curve is established the sacrospinalis has the advantage of a bowstringing mechanism.
Syndromes of a Faulty Extensor Mechanism
There are clinical syndromes associated with compression injuries and with encroachment of tissue into the spinal or intervertebral canals which are comparatively common and well recognized. There are other syndromes which are probably more common, but far less well understood, which are associated with tension strain and breakdown of the extension mechanism both of the long lever and of the individual segments. I mention a few: (1) Whiplash injury of the neck with persistent pain posteriorly.
(2) Clay shoveller's fracture.
(3) Pain between the shoulder blades indicating chronic thoracic strain, seen especially in adolescents.
(4) Persistent pain following thoracolumbar crush fracturetypically felt posteriorly in the lower lumbar area where there has been injury to the soft tissues. (5) Persistent pain and tenderness around the posterior iliac crests and posterior superior spines. (6) Sprung back or chronic lumbosacral strain.
The patient shown in Fig 12, who might easily be a nurse, complains of persistent nagging pain, worse when she is tired and worse just before the menses. Pain is felt across the lower lumbar region and tenderness is localized to the midline at lower lumbar or upper sacral level. Movements of the spine are normal, straight leg raising is unrestricted and there are no neurological signs. The pain is often very persistent and the clinical signs, apart from tenderness, non-existent. There is a tendency to label the syndrome with a functional element. This is often a harmful step, psychologically.
